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NATIOIQSL ADV 

Ey Joseph M. HallFssy, Jr. 

h investigation t o  deternine  the  vertical-tail  loads a d  airplsne 
characterist ics i n  s idesl ip  f o r  a =ode1  of a swept-wino fighter-tyye 
airplane WES conducted i n  the k z l e y  16-foot trmsonic  tunnel 2% &ch 
numbers f ro= 0.80 t o  1.03 and at   angles of a t tack   to  15O. The wing hed 
450 sk-eepbeck, m aspect  re;tio of 3.56, a taper   ra t io  of 0.30, end 
ut i l ized  NACA 6k~007 a i r fo i l   sec t ions .  

The d i rec t iona l   s tab i l i ty  at a Mach nmber of 0.80 w a s  approximately 
c o n s t a t  t'r?_rough the  test  angle-of-=%tack  ra-se. A t  higher  speeds, 
although k v i n g  a  greater  init is1  value t'nan at a Mach  number of 0.80, ' 

the  directional  stabili$y  decreased with angle of attack, es did the 
ver t ica l - te i l  loads. A t  subsozic  sgeeds  the  directional  stzbility fo r  
zero = ? l e  of attack w a s  found t o  be sonewhat l e s s  ~t very small angles 
of s i d e s l i s   t h m  ai; =oderake angles. The load on the exposed ver t ica l  
t a i l  regresected between 60 and 80 percent of %he t o t a l  t a i l  contribiztion 
t o  side  force, and the maxibum t rzve l  of the  center of Sressure w i t h  angle 
of at%eck and Yach  cumber  was about 7 percerxk of -the height ugwmd end 
14 percent  of  the  chord  rearward. 

c 
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Therefore, wher?. a sGpersoniT-fi&ter  design was investigated in the  
Langley 16-Toot tamel recently,  the test  Frogram incluaed.  studies of 
lazeral  and direct ional   s tabi l i ty  of ver t ica l - te i l  loads. This 
paper  presents tlrle resul ts   of   this  part of +,he investiga%ion.  Previously 
reported m e  the  longitudirA1  s-labclity and p e r f o r w c e  data obtained in  
the same program (references 3, 4, and 5 ) .  Date me presented i n  t h i s  
report f o r  rich numbers from 0.80 t o  1.03, vlgles of attack from 00 t o  
150, and siaeslLp  angles  generalv t o  20. 

The center-of-amity  iocation is shown ic figure 1. All coefficieni;s, 
including  the  tail-load  coefficients,  are  referred  to  this  center-of-gravity 
locatior\- through the   s tab i l i ty  axes system. 

wing sgm- 

vertical-tail   height from defined  root chord, figure 2 

wing xem aerodynamic chord 

loca l   ver t ica l - ta i l  chcrd 

rolli-%-rconent Coefficient, Rol1i-w  xonent 
SSb 

rclling-noment  coefficient Cue t o  load on the exposed ver t ica l  

tai l ,  T a i l  r o l l i r x  nmxent 
qSb 

pitching-moaent  coefficieat, Pitching mment 
ss E 

yawing-mnert  coefficient dLe t o  load on the exposed ver t ica l  

T a l l  yewing nonerh 
qs-D 

side-force  coefficien+, Side  force 
ss 
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side-force  coefficient due to load on the exposed ve r t i c s l  

tail, Tail side  force 
SS 

M free-strean Mach number 

a_ Tree-stream dpmj” p- ressure 

S t o k a l  wing area 

a angle of atteck masured *on? the  wFrg chord plme, deg 

P angle of si&esUp, deg 

S-Lability derivatives: 

These t e s t s  were conducted in   the  kr@ey 16-foot transonic  tunnel 
which b s  a s lo t ted  t2zoa-b of octagonal cross  section. 
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The m 2 e l  we8 su~port.ed w i t h  a sting  vhich was xmunted 03 a s t r u t  
passing through the  +,umel f loar .  Tkie strut moved on the  w c  of a c i rc le  
t o  prcvide zngle-of-a",ack variatiox xLthout xoviLng the model center of 
gravity from the tunzlel center  line. Oata ob-lainez at a fixed  sideslip 
angle of 5O were obtained by xeans of a bent  coupling i n  the  sting. 
Variable  sideslip  data at zero angle of  at-cack were obtaized by rolling 
the model 90° and  o>era%ing  the strut as f a r  angle of &+,tack. 

Figure l is  a three-view  sketch of +,ne mdel.   Vertical-+,ail   geoakry 
and the principal dimnsLons of the ? r i n g  and korizontal t a i l  me given 
i n  f F g a e  2. A photograph of the c o q l e t e  mdel -installed lh the tes% 
section of' the t u n e l  i s  given as figure 3. 

Force d m"& xeasuremnts 011 +,he nodel were obtained using two 
i c t e r r a l  sixain-gage  balances. The main balance  neasured the   s ix  con- 
posents  of  the coznplete moiiel, and a smller tbzee-component balance 
located at the base of the  ver t ical  t a F l  lneesured the side  force and 
'oecding and -LwstiB m ~ r , + , s  on tine e-osed part of the ve r t i ca l  ta i l .  
Figare 4 is a cross-sectiozal  sketch  through  the lover par t  of the ve r t i ca l  
t a i l  which shows the three-ccrqormrbbaiame  installakion. ?X0 seals were 
installed, and cross flow was, t'nerefore,  posstble t'kough the  clearm-ce 
g q s  and  znder  the  vertical t a i l  ahead a d  behind the balesce-gage  beurs. 
A n  altercate t a i l  (haviag no balance o r  clearance  gaps) was also available 
and was used for sore m s  . 

. 

Sone tests were mde w i t h  the wing eqdipped w i G h  a longitudinal 
s t eb i l i t y  "fix"' consisting of 6' leaciing-ecige droog from 0.23 t o  0.71 
senisgan a,nd 15-2ercent  chord-extensioas  droosed 6' *om 0.71 $0 1.00 
senisym. This fix is one  of several.  investigated in  YIe longitudinal 
t e s t s  on t h i s  mdel, end i s  descrLbed i n  more d e t a i l  in_ reference 4. 

TESTS 

The t e s t  Reynolds nLY5er based on wing mean a e r o m c  chord  varied 

between aboxt 6.0 X 10 5 an& 7.2 x 10 6 For ell tests the  horizontal t a i l  
was irrsfalled ani? se t  at zero  incidence  (parallel t o  the w i r g  chord p-e ) . 
Tes+, Each nmbers were 0.80, 0.90, 0.95, 1.00, an6 1.03, although fo r  the 
last two of these, datz. were not  obtaixed at the  highest angles of atteck 
due t o  support-system  LMAtations. The ozher  variables End the corrfigu- 
rations  %ested  are  indlczted  in  the  followip3  tzble: 
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Basic 

Sas i c 

Basic 

Basic 

Basic 

Fixes 
on 

Vertical t a i l  

3 f f  

ImtmuIlented 
(unsealed) 

3r”f 

Cnstmected 
(unseeled) 

a, deg 

0 

0 

0 

3 to 15 

0 to 15 

1 to 15 

Data ob-laioed i n  zngle-of-attack t e s t s  at constant  sideslip angles 
09 Oo and 5O have beer  reduced  directly  to  the  sideslLp  derivetives and 
ere  presected in_ t h i s  fomthroughozt  the  report .  
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RESuI;TS APlD DISCUSSION 
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Effebt of the  Umealed  Vertical-Tail Root 00 Airplarre Coezficients 

It was believed a t  the +,iEe of the %ests t'nat the small gap around 
the base of the ver t icd .  t e i l  cauld be l e f t  unseeled  withaut  adverse 
effects,  and therefore, as indicated in   the   t2b le  of tes t s ,  most of t'ce 
tests were rmce with no seal.  Tne results,  however, as shown i n  fig- 
- z e s  5 and 6, incicate  effects of appreciable mzgnitude. Figure 5 shows 
tha t  at CL = Oo t'ne lack  cf a seal   resul ted ir decreased  (absolute) 
velues of a l l  three  lateral   coefficients,  and thus  in   the  thrae  s idesl ip  
derivatives. This was especially  true  for slrall axgles of sideslLp, the 
curves f o r  tiie  instmxented  (unsealed) t a f l  b e h g  eppreciably more f lat-  
tened as 'they  pass tbzough p = 0'. 

The .laterel derivatives as d e t e d n e d  f r o m  the em5 points  only 
(+?O c-d -50) are ~ ? ~ o v n  i n  figure 6 for the two ta i l  installations.  
The lcs& caused by the unsealed  root gap is  as xuch as 20 percezt for 

m d  50 percellt  for C2 For a l l  three of these  derivatives  the 

gap has l i t t l e   e f f e c t  on the   vsxkt ions which occur wfth Mach nunber, 
m-2 it is jelieveci tIa-5 qualitatively tke t a i l  loads and tail-effectiveness 
inFornatfon  obtained is sound, although sone quantitative  error has been 
ictrod?rced by the lack of seals. 

"np P' 

Directional mAd Lateral   Stabi l i ty  

Effect  of  sideslip at a = Oo.- Ir, makips the vaxiable  sideslip 
tes t s ,  marly poircte were taken  near P = oO, in  anticipation of a gossible 
loss of s t a b i l i t y  f o r  smll  m ? l e s  of  sideslip. Both Cn a ?  Cy f o r  
the t s i l -on  case do show slope  reductions  near p = Oo for  sone Wch 
nurrrbers ( f ig .  5 ) .  The slope of Cn w i t h  P, for exemple, is reduced 
15 t o  20 Fercent   (plain  ta i l )  fcr Mach n1m-3ers frorr, 0.80 t o  0.93, but 
none at Mack -?umber 1.00 or  1.03. Most of this reduction  in  slope is 
chargeable t o   t h e  t a i l  i t s ex ,  &s Le indicated by the v e r t i c a l - t d l -  
load  data of figure 8, and i s  probably due t o  being i n   t h e  wake of the 
PLselege  and cenopy. Scme of the sloss reduction f o r  mall sidesl ip  
attgles a lso c m ~ s  frox the wi-%-body corkination as s h m  by the  ta i l -off  
data of figure 7. This, of course,  stens  fromthe  tendency for  both the 
force and xoment on bodies  alone t o  be  nonlinear  with angle of inclination. 
(As exanple, see the So* daea  of re f .  6. ) 

- 

For Yzch nmiber 0.95 and higher,  the  tail-on data, pmticularly 
Cn i n  figure 5(b) show a number of nonlineaxities wnich me generally 
sirniler for  botk  the  sealed end unsealed  csse and which are symmetric 
a'cozt j3 = Oo. These nonlinearities  evidently come from the  load on 
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t he   t a i l   i t s e l f ,   s ince   t hey  are also found in the tail-loa&  curves of 
figure 8 End are  not round in   t i e   t a i l -o f f   da t a  of figure 7. Considering 
khat  they do not occur f o ~  M = 0.80 a d  0.90, these  nodinemit ies  are 
probzbly  relaked t o  such local flow field cocditio-n-s as  horizontal-tail  
shock vaves. 

Siaesii-0 derivztives at arlgle of attack.-  addition -Lo %he a i r -  
plane  tail-on and tai l-of2  sideslip  derivztives which axe shm-  as 
functions of angle ol" attack ( f ig .  9 ) .md Mach nmiber (Tig. 10) , the 
t o t a l   v e r t i c a l - t a i l  contri'outior- ass been coquted  and i s  given i n  
figures 11 and 12. These were obtained by subtracting  the  vertical  
tail-ozf  derivatives fro= the  tail-oE  6erLvatives. 

The side-force  derivative f o r  the  vertical  tail-off  condition 

generally  increases i n  absolute  value  both w i t h  &%le of zttack ( f i g .  9) 
and w i t h  Nach  nuriDer ( f ig .  10). For the  tail-on  condition, however, 
Cyp decrezses  wtth a, indicating  reductions  in t a i l  contribution (es 

shown i n   f i g .  11) at high  angles of attack,  p&iculm?ly at the  higher 
Hhch nu5bers.  These characterist ics of t h e   t a i l  coctriloution to Cy 
me  ref lected i n  the Cn dzta w h i c h  show similar cheracterist ics.  The 
directirmal  stzbili-by Ccp f o r  the complete e i rplule  i s  approximately 

constmt  tkoughout  the  ulgie-of-at-lack  range ( Oo t o  15O) f o r  a Nach 
number or" 0.8, figure 9. At higher  speeds (Mach nunber 0.95 t o  L O T ) ,  
althocgh hcving a greater h i t i a l  value tnan at M = 0.80, &ecreased 

w i t h  vlgle or" attack (but did not P a l l  below the M = 0.8 l eve l   i n   t he  
rmge of these  tes ts) .  Tkr-e t a i l  contribution t o  C, f i g w e  11, shows 

similar characteris%ics. 

% 

CnP 

B 

The rolling noneat h e   t o   s i d e s l i s  CzB, has E vmia t ion  w i t h  angle 

of attack, Tigure 9,  which is  t s i c a l  f o r  swept-wing airplan-es. It is  
due to  the  l if t-curve  variations and changes in   s ta l l ing   charac te r i s t ics  
which OCCUT w i t h  changes in effective sweep angle i n  the sideslipping 
cocdition. Tne efr'ect  of  increasing Nach Ember is to reduce  the EO=- 
1Fneexi.ties of these  cazes .  Similar resul-ls  for  other  swept-whg con- 
figmations axe showz in  reference 7. The e2fec-L of adding  the ver t ica l  
t a i l  i s  t o  zmke the zero angle-of-attack  values o l  Czp aegative, 'out 

a t  high m@es cf attack  this  negative  contribution i s  decreased o r  
becozes positive. 
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Vert ical-Tai l   baas  
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All of the  vertical-tail   loads end rcoaents obtained i n  t h i s  inves- 
-Ligation have been  redzced to   coeff ic ient  form using a i q l m e  diriensions 
and the  stability-wes  systen EO as t o  be  d5rectl.y comyarable t o   t h e  
other  coefficients  presented ir- $he resort .  VazLetions  of the tail lozds 
end zomnts with sideslip -le at zero  m!ie  of attack axe given i n  
figure 8, while the veziatfom of the t a i l  derivehives  with =*le of 
attack and bhch number cbtainea frm data I;aker- at 3 O  sideslip  angle have 
been  included i n  fi,gures 11 c d  12 with the   to ta l   ver t ica l - ta i l  cozrtribu- 
tions t o   l a t e r a l  m d  di rec t fond   s tab i l i ty .  The l a t t e r ,  or" coilrset 
include  not 0- t ? e  lozds 02 the   ver t ica l  t a i l  but  also  the  loads  induced 
Sy the v e r t f c a l   t a i l  on the  f'uselage znd otker pe3";s of tke aiq1m-e. 

As  w i t n  the   to ta l  t a i l  con?zibutions M Y p  and 4 l p ,  both C y A  

"B 
and Cnt decrease  with  angle of attack,  especially a t  the  higher  sseeds 

( f ig .  11). Both &y3 and AZ have larger  absolute  values than 
P 

nP P 
C,,31 ixxiicating I3ca-b for l o v  msles of ettack abmt 30 3ercent of 

t t e  t o t s l  tail colltribution i s  fron load  carried. on the  fuselage. These 
total   incremnts ,  hmrever, tiecrease Eore ragidly w i t h  angle of attack thsn 
the t a i l  losds, so that  a t  the  higher  angles the lo=&  czsried on the 
fuselage is of the  order of 20 percent of the t o t a l  t a i l  contribution. 

The vakie of x z P  i s  for a11 coDaitio_r-s less  negative (or ra re  

2osit ive) than c Z ~ ~ ,  figure 11. This is due to the  fact that the  load 

on the verbicai tail in6uces an asyrmetric  lozding on the  horizontal t a i l  
such as t o  cause a significant  rolling-mment  contrib-ation  opposite  in 
s ign   to  thEt proiiuzed by the  vertical-tail  loeding. Similar resu l t s  have 
been shown ic. reference 8 whick repor5s  losding measure;nents &e on a 
tail-assenbly-imdy  corfiguration. 

Both C2 and A C z  decrease m r e  rEFidly with angle of attack 9 P 
than the  other  derivatives, which is  the  direct   resal t  of the use of the 
s t ab i l i t y  axes system. 

The veziations of mmsurec3 t a i l  load  with Xach  number ( f ig .  12 1 in 
+,he speed  range of the  present  tests  are  relatively snail end generelly 
I'ollow t2ie tren6 of t o t e l  t e i l  contributioz. 

The center-of-pressLne  locatior-s for eke emosed   ver t ica l   t a i l  as 
determined 2irectly  fron  vertical-tail   mKents and l a t e r e l  forces are 
sho-vn ir_ f i g x e s  i3( a)  and (b)  . They show a genersl ly   remrwd m-d 
xtwmd trend  with bot?? angle of attack (f ig .  l3( a> ) and Mach rimer 
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- 
( f ig .   l3 (b)  ) . For a l l  test  conditions  the  cecter of pressure was located 
between 0.45 and 0.52 bt, and between 0.18 and 0.32 ct. The synbols 
of I'1gure 13 (a)   me  ac tua l   t es t   po in ts ,  while  those of figure 13(b)  are  
cross  plotted f ron  Yne c-ccrves of 13(a>. In u t i l i z h g  t'nese date, it should 
be kept in m h d  that  they w e r e  obtaiced wit'noat seals et the   t a i l   r oo t .  
Lea'kge due -Lo lack of sea ls   my hEve unloaded the  inboard  sections of the 
v e r t i c a l   t a i l  w i t h  a  resultant  outboard movement of the  center of pressure. 

Efrect of Leading-Eage Chord-Ektenstons on Lateral m .  

Directional  Characteristics an& on T a i l  Loads 

Tests w F t h  the  longitudinal s t ab i l i t y  "fix" h s t a l l e d  were m&e 
through en angle-of-attack  range P-t s i d e s l i p   W l e s  of 0' and 5O. 
Results  zre she" i n   f i g m e  14. 

I 3  ea r l i e r   t e s t s   t h i s  f i x  wes found t o  improve the  longitudinal. 
chzracteristics, alt'nough 20% exbensively  (see  ref. 4). Since  the chord- 
extension  dfects  the  Longitudinal  characteristics by preventizg o r  
reduciq  the tis ste12, it was  m-%ici_pzted t h d  the effect  on the  roll ing 
nzoaRt in   s idesl ip   %ests  would be  appreciable.  This was found t o  be the 
case. The l inear  portion- of the C2 curve w i t h  a, is  generally  edended P 
uld the upwerd breEks ere  less  severe w i t h  the  fixes  installed,  indicating 
thet the l e f t  a d  right w i q  lift curves  are mre  consis tent ;   that  is, 

breaks i n   t h e  cur\re caused by abrupt stalli-ng of one w i n g  aze reduced. 
- the   sepaa t ion   i s   be t te r   cont ro l led  and more gra&ual so that the   e r ra t ic  

The effec-is  of  the T i x  on C q  and Cy were generally small. The 
t a i l  loads, as neesured w F t h  the t a i l   b a d c e  and sho-rn on the  r ight  side 
of figure 14 are elso l i t t l e   a f f e c t e d  by the  addition of the fix, indi- 
caticg  that   the  effect  of the fix i s  confined t o   t h e  w-irg, as would be 
expected. 

P 

Pitching Monents i n  Si6esl.Q 

Figure  15(a)  indicr-tes -Lhet only a very smli nose-down incremnt 
in  pitching-mmnt  coefficient.   ( less thm 0.002) OCCUTS wikh this model 
at 5O sidesl ip  et zero  angle  of  attack.  Tests t o  higher  sideslig angles 
vith  the  vel-ical tzil o f f  ( f ig .  15(b)) shov a more severe nose-down 
tendency  developing as the  sideslip exceeds loo. This  teodency  probably 
would elso occur w i t h  the   ver t ics l  %ail on, but this is not  certain  since 
the  presence of t h e   v e r t i c a l   t a i l  may appreciably  alter  conditions on 
the  horizontal t a i l  &nd hence the  pitchiag moment. 
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Figure 16 indicstes thst the  variz-tions w i t h  angie of attack fcr the 
incren5nt i n  pi:ckir4-inomn-k coeffici.en% Zue tc 5O sideslip was rat’her 
nonlLaear, especially above en a l e  of abcxt 8O. Vahies as lazge as 
9.315 %-ere zeesured conparred t o  less than C.005 ai, zero  angle or attack. 

CONCLESICNS 

A tre.nsor_k  w5nd-tmnel  investigeticn  has  been  mde OP- a moael of 
E s~~,~epc-i-ring  fi&ter-type  airpime $0 deternine  airplane  cbezacteristics 
md ver t ica l - ta i i  loads i E  sideslip. Although the   ve r i ; i ca l - t a i l - f a se l~~e  
junctwe was ?lot sealed f o r  nost of Yhe tests (tinzs in3roducin.g sone 
a_;;a-titztive errors), the following  conclusions are  indicate&: 

1. A% zero  =le of a t k c k  vhere  varic5le  sideslip tests were rade, 
CnF was l:? t o  20 percenr, less Tor  :.kc’P, numbers of 0.80 t o  0-95 f o r  
the  very s?m.ii sidesli?  angles (*0.5’> coapmed w i t h  that obtained at 
sideslir,  azgles of f5O. 

2. A t  a Xech n d e r  of 0.80 t’ne stabil i ty  derivative f o r  the cnP 
complete airplane was a$groxLnately cons-bant throrgh the mgle-of-at”uclr 
r a g e .  A t  higher  speeds,  althol&?  heving e grea te r   in i t ia l  value, Cnp 

decreased  with  angle of attack  (but did not fell  below $he bl = 0.80 leve l  
i n  the rsnge of these  tes ts) .  Tcis w a s  associated with corresponding 
re&zctions with sngle of attack of both the t c L d  vert ical- ta i l   contr i -  
5iiti.0~ sad che load on the exposed park of the ver t ica l  tell. 

5.  The loads on the emosed  vertical t a i l  regresen%ed betweerr 60 
mci 60 percent crf the total t a i l  cortrTbutioE t o  si&e force,  being 
weehest a$ % ? x  highest angle of at tsck rri2”ere the ce3.rywer t o  the 
I’aselage was red-xed.’ 

- 7. The z s e  cf a xizg  pitchirg-nmiem  fix of Yne 6zooped chord- 
zeecsion  type  efiended k3.e i k e w  port io2 of the C z p  c w e  t o  hlgher 
zngles of &%-back m d  re&uce5 the severity cf the  posit5ve  bresh.  



.. 
6 .  Tae pitc'ning-no~en"l-coefficient bcrenent   for  a scdeslip angle 

of 5O was l e s s  than -0.005 fo r  zero a g l e  of attack, but was es mch as 
-0.015 Tor higher w l e s  of attack. 

Langley Aeromutical  Laboratory, 
Nztiorsl Advisoxy Codi ; tee  f o r  Aerosau-Lics, 

Tbngley Field, Va. , Nwmber 30, 1955. 
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Figure 1.- Sketch of the wisd-trm-n-el  modei showing the  center-of-gravity - 

locztion  acd 
report. The 
indiczted by 

stability-axes systen used in reducing dztz for  this 
posit ive  direction of forces, nommts, and zngles is  
the arrows. 



14 NACA REI L55L19 

20.49" 

Vertical  tail 

Sweep at  the  quarter  chord.  deg ........ 45 

Aspect  ratio ......................... 1.49 

Taper  ratio .......................... 0.30 

Section ....................... NACA 64A007 

Area (exposed  part Less dorsal). sq ft . . 0.895 

Dorsal area. sq ft ................... 0. 083 

Horizontal tai! 

Sweep at  the  quarter chord.  deg ....... 45 

Aspect  ratio ......................... 3.66 

Taper  ratio .......................... 0.30 

Section ...................... NACA 648007 

Span. in ............................. 33.60 

Area. sq ft .......................... 2.23 

Wing 

Sweep at  the  quarter  chord,  deg ... 45 

. 

Aspect  ratio ..................... 3.56 

Taper  ratio ...................... 0.30 

Section ................. NACA  644500'7 

Span. in ........................ 65.84 

Mean aerodynamic  chord. in ...... 20.39 

Area. sq ft ..................... 8.46 

Figure 2.- Ver t i cd - t a i l  and otner node1 dimensions . 
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Figure 3.- Test model insta1:Led in the Langley 1 6 - f o o ~  tunnel. 
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Figdre b,- Fy-pical cross section +,kroagh instrumented vertical ta i l .  
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(a) Side force. 

'Fgure 5.- TEil-on variation of lateral airplene coefficients with side- 
slis at a, = GO. 
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Figure 5.- Continued. 



Sideslip angle,B, deg 

(c) Rolling m0rr;en-t. 

Figure 5. - Concluded. - 
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Plain vertical t a i l  (sealed) 
- - - - - Ins truxented  vertical  tail  (unsealed) 
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Figure 6 . -  Z f e c t  of urleealed verticzl-tail root on the airglace s ides l ip  
derivatives. a = oO. 
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(a) Side force. 

Figure 7.- Vertical-tail-off  variation of lateral  airplane coefficients 
with sideslip angle  at u = 0'. 
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(c ) Rolling moment. 

Figure 7. - Concluded. 
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Sideslip angle, p , deg 

(a) Vertical-tail laterel force. 

Figure 8.- Variation of lateral forces m d  noclents with sideslip  at 
on tke instrumented v e r t i c d  tail (unsealed). 

a = O  0 



Sideslip ongle , p , deg 

(b) Vertical-tail  yawing moment. 

Figure 8.- Coztinued. 
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Sideslip  angle , p , deg 
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Figure 9.- Veziation of sideslip  derivatives with angle of attack. 
Unsealed v e r t i c e l   t a i l  on and off. - 
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Figure 10.- Varietion of sideslip derivatives with Mach number.  Unsealed 
vertical tail on and off. 
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Figure 11.- Variation with angle of attack of unsealcd-vertical-.l;ain. contribution 
t o  the  sideslip  derivatives. 
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Figure 12.- Variation  xith Mach number of unsealed-vertical-tail contri- 
bution to the sideslip derivatives. 
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Figure 13.-  Center-of-pressure locations on the exposed unsealed vertical  t a i l  a t  
p = 5'. Basic wing. 
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Figure 13. - Concluded. 
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Figure 14.- Effect of leaaing-edge f i x  on lateral  airplane and tail-load 
derivatives. 
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Figme 15.- Variation of pitching-mon?ent coefficient with sideslip at 
zero angle of attack. 
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Figure 16. - Wfect of a sideslip  angle of 5' on the pitching-moment 
coefficient. Unsealed v e r t i c a l   t a i l  on and off .  
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